South Florida experiences a dry season that influences soil water repellency (SWR) in sand based soils. This study determined the effect of two surfactants to alleviate SWR by comparing application frequency and rates on sand based bermudagrass. Dispatch and ACA 1897, were applied at 89 ml ha -1 and 178 ml ha -1 monthly and 89 ml ha -1 weekly via fertigation units to individual irrigation controlled 4 x 4 m plots. Following treatment, plots were irrigated only when signs of wilting were apparent. Plots recovered after wilting with daily irrigation until the next treatment. Visual turf quality, localized dry spot (LDS), and volumetric soil water content were assessed throughout the study. Soil cores were also collected and air dried to determine water drop penetration time (WDPT). Bermudagrass treated with weekly Dispatch and ACA 1897 treatments had the highest turf quality ratings and least percentage of LDS throughout the study. Soil moisture and WDPT times were not significantly affected by treatments. Over time, WDPT times significantly decreased with distance from soil surface. In this study, SWR was greatly reduced when applying lower rates of a surfactant more frequently.
INTRODUCTION
The degree to which a soil exhibits hydrophobic behavior (water repellency) is related to the amount of organic matter within the soil (Wallis and Horne, 1992) as well as the constituents of the organic matter.
Sand based soils are the preferred soil mix for golf course green construction and sand must comprise 85-90% of the root zone mix to meet USGA specifications (USGA, 1960) . Although new greens may not be repellent, the high porosity of the sand soil, characterized by rapid infiltration and air circulation, promotes soil dryness and SWR symptoms (Wilkinson and Miller, 1978) . In addition, active mycelium of Basidiomycetes is highly water repellent and may lead to SWR conditions (York and Canaway, 2000) . Other factors contributing to the SWR of a green include increased thatch layer and root density, and continuous wetting and drying cycles (Karnock and Tucker, 1999) . These authors report that aerifying the thatch and root zone, and properly using herbicide and pesticides can help prevent SWR. Cisar et al. (2000) suggested that adequate soil moisture in bermudagrass golf greens was required to maintain quality turfgrass with low percentages of localized dry spot (LDS).
Surfactants have been used to prevent and ameliorate SWR and its symptoms in turfgrass systems (Snyder et al., 1984; Cisar et al., 2000) . Many surfactants increases water infiltration into repellent soils (Letey et al., 1962) . Surfactants are commonly applied as liquid (Cisar et al., 2000) or as granular materials (Snyder et al., 1984) to small areas in turfgrass systems but are laborious to apply to large turf areas. The widespread adaptation of fertigation systems in golf courses provides a method for efficient application of fertilizers to large areas. In this experiment, we used a fertigation system to investigate the effects of two surfactants for the alleviation of soil water repellency symptoms.
MATERIALS AND METHODS
A commercially available standard (Dispatch) and an experimental product (ACA 1897) were applied with irrigation to 16 m 2 mature Cynodon dactylon × Cynodon transvaalensis 'Tifgreen' bermudagrass plots grown on a Margate fine sand [Siliceous, hyperthermic Mollic Psamnaquent] at the Fort Lauderdale Research and Education Center, Fort Lauderdale, Florida. Surfactants were applied by injection into an irrigation system at a rate of 89 ml ha -1 on a weekly or monthly frequency and 178 ml ha -1 monthly. Each of five replications included the six treatments and an untreated plot for a total of 35 plots. Additionally, bermudagrass received 4 mm of irrigation twice a week. The experiment was conducted during the dry season months of 2002 when SWR occurs most frequently. South Florida consists of a wet season followed by a long period of drought with an occasional intense rain event. To simulate the transition between the wet and dry season, experimental plots were irrigated until high turf quality scores were observed and soil moisture was adequate. Approximately every two weeks, percent localized dry spot (LDS) and turfgrass quality were visually rated. Quality ratings are based on a 1-10 scale with 10=dark green turf, 1=dead/brown turf, and 6=minimally acceptable turf. Concurrent volumetric soil water content and two 2 mm diameter soil cores (100 mm deep) were removed from each plot. Volumetric soil moisture content was monitored by a time domain reflectometry (TDR) probe calibrated for mineral soils. Soil cores were dried at room temperature for two weeks at which time a water drop penetration times (WDPT) test was performed (Letey, 1969) . For each core, 36 µl drops were consecutively placed at 10 mm increments beginning below the thatch layer to a depth of 55 mm. The time elapsed at total absorption of each drop was determined to assess the degree of water repellency the soil exhibits as well as the how quick the soil can be re-wetted. Core WDPT were averaged for each plot. Statistically different treatment effects for ratings and measurements were determined using the SAS General Linear Model (SAS Institute, 1989) . Least significant differences (LSD) were calculated for all significant effects. Meteorological data was obtained from the Florida Automated Weather Network via a weather station located approximately 100 m from the experiment.
RESULTS AND DISCUSSION
Weather patterns delineated two distinct periods within the 13-week experiment. The first six weeks were characterized by dry weather with little rainfall (16.5 mm). Brief yet intense rain events at the initiation of the wet season in mid-May, resulted in a significantly greater amount of cumulative rainfall for the second half of the experiment (605 mm, P<0.001).
Prior to initial treatment application, high visual quality scores (all ≥7.8), the lack of visual LDS and suitable soil moisture (mean = 45%, std. dev. = 0.016) suggested that the bermudagrass was receiving adequate moisture. A decline in bermudagrass quality was evident within the first month of treatment application. However, by the end of week six and before the onset of the rainy season, turf quality increased and both surfactants outperformed the control for the remainder of the experiment (Table 1) . In April and June, turf quality on weekly treated plots (for a total of 356 ml ha -1 per month) was higher than the monthly treatments (Fig. 1) .
Treated bermudagrass had less visual LDS than control turf for the entire experiment (P <0.05). In June, Dispatch treated turf had less LDS than the experimental product (59 and 74% respectively, P <0.01) ( Table 2) . No statistical differences were determined by the effect of rate (p>0.10). The two monthly treatments differed slightly in LDS (1-9%) although both had 20-31% less LDS than the control turf. The weekly treated turf had the least LDS, with 39-53% less LDS than the control turf and 24-35% less than the monthly treatments. Although not statistically different, these data suggest that using a surfactant can be beneficial for golf course superintendent who are concerned with achieving the highest quality turf.
In April, treated turf had the greatest soil moisture content (P <0.05). However, in May only Dispatch treated turf had significantly greater (P <0.05) soil moisture content than the control (Fig. 2) .
Regardless of surfactant product, rate and application frequency, WDPT times were statistically similar to control plots throughout the experimental period. If treatments were applied at the beginning and for consecutive months of the dry season, without receiving rainfall, surfactant accumulation may have been observed and WDPT may have been more informative. Absorption time decreased with distance from soil surface, with the greatest differences at the surface and 10 mm depths (P <0.001). This suggests that frequent application that would concentrate the surfactant on the soil surface would be potentially a greater benefit than infrequent applications. Although not significant (P >0.10), WDPT quickly decreased once the experiment was initiated. However, June values were similar to pre-treatment times and may be explained by the rapid wetting and drying cycles from the beginning of the rainy season that began in mid-May.
CONCLUSIONS
During water stressed periods, SWR symptoms such as reduced turf quality and increased LDS can be alleviated when the use of a surfactant is integrated into a regular maintenance regime. The warm temperatures and intense rain events in South Florida creates an optimal environment for microbial decomposition, soil re-wetting, and leaching of surfactants from the soil. Properly timing frequent applications of a surfactant at a low rate were effective at reducing SWR symptoms. Furthermore, this study demonstrates that applying surfactants through a fertigation system can be an effective application method to help reduce SWR symptoms. Fig. 1 . Pre-treatment and average monthly quality ratings for application rates. The 89 ml ha -1 and 178 ml ha -1 were applied once/month and the 356ml ha -1 was applied over four applications/month. α, δ, and γ = P<0.10, P<0.05 and P<0.01 respectively. 
